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FOREWORD 

This report presents the technological achievements of 
Mound Laboratory in its isotopic fuels programs during the 
past three months. This work is supported by the AEG 
Division of Space Nuclear Systems. 

Previous reports in this series are: 

MLM-2014 MLM-2099 
MLM-2122 MLM-2122 
MLM-2166 MLM-2166 
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SUBSTOICHIOMETRIC STUDIES 

The microstructural changes that occur during reduction, oxidation, and 
reheating of ^^^PuOa particles are being studied using MHW (Multiihundred 
Watt) feed material. 

These changes are being investigated by preparing particles of different 
stoichiometries and, subsequently, oxidizing them over a range of time 
and temperature to see what, if any, changes occur and under what condi
tions these changes take place. 

Particles of ^^^PuOa of known stoichiometry were prepared by reducing the 
particles in vacuum for 30 min at 1900°C. The stoichiometry was deter
mined from data obtained from thermogravimetric analysis, TGA, to be 
^̂ P̂uOi.8 6- A portion of these reduced particles was oxidized on the TGA 
balance in air for 6 min at 800°C. A second portion was placed in a plati 
num tub^ furnace and oxidized by heating in air for 5 hr at 600°C. 

The particles were prepared for microscopic examination and etched for 
10 min in a Isl HCl-HF solution. The as-reduced substoichiometric par
ticles (Figures 1 and 2) showed a two-phase structure (Figures 3 and 4). 
However, data obtained from TGA confirmed that the particles are stoi
chiometric. 

The results of these initial experiments clearly indicate that the 
structural changes which take place on reduction are still observable 
after the particles are oxidized to their correct stoichiometry. There 
appears to be little difference between the particles that were oxidized 
by heating to 800°C for 6 min in air and the particles that were oxidized 
by heating in air at 600°C for 5 hr. Since it has been determined that 
the microstructures are retained after oxidation, efforts are being di
rected toward determining their stability limits with respect to further 
heat treatment. (C. B. Chadwell and W. D. Pardieck) 
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FIGURE 1 - Farticles of ^^^PuO^ before reduction. (250X) 

FIGURE 2 - Reduced substoiahiometrio particle showing a two-
phase structure. This structure is charaoteristia of sub-
stoiahiometria ^^^PuOz-x. (250X) 



FIGURE Z - Particle of PuO2 after being oxidised in air on 
the TGA balance for 6 min at 800°C. The two-phase structure 
is retained after oxidation. 

FIGURE 4 - Particles of PuO2 after being oxidized in air for 
5 hr at 600°C. Comparison of Figures 3 and 4 shows little 
change in miorostructure, although oxidation time and tem
perature were different. 



METHOD FOR PREPARING METAL CARBIDES 

With the advent of commercial electric power generation by nuclear means, 
there arises a need for hard, corrosion resistant substances for purposes 
which include reactor construction materials and nuclear fuel forms. 
Since materials which are of such corrosion resistance and hardness to be 
suitable for the nuclear industry are likely to be required in large 
amounts, it would be very desirable to be able to produce such materials 
inexpensively, efficiently, and in various forms, sizes, and shapes. 
One substance which appears to have considerable promise as a material 
for the commercial nuclear industry is the carbides of various metals. 
The toughness of many metal carbides is well known. Herein is a novel 
method of preparing metal carbides which does not require gaseous hydro
carbons, the careful blending of metal oxide and carbon powders in the 
correct proportions, or the handling of finely divided and possibly 
flammable metal powders. 

It has been known for many years that the tricyanomethide ion, C(CN3)", 
commercially available as potassium tricyanomethide, forms many metal 
salts of low solubility. These salts are easily prepared in the labora
tory by a simple metathesis reaction such as indicated schematically in 
Reaction 1 below 

M̂ * + 2C(CN) 3~ - M[C(CN) 3]2 (D 

which precipitates the metal tricyanomethide salt. In Reaction 1, 
M^' might be divalent chromium, Cr^*, for example. That these salts, 
which can easily be prepared in good purity and homogeneity, might serve 
as starting materials for the preparation of metal carbides does not 
appear to have been suggested heretofore. A sample of a tricyanomethide 
salt, chromium(II) tricyanomethide, prepared as described elsewhere,^ 
was placed in a vacuum furnace (10""* mm Hg total pressure) and was ignited 
to 1200°C for 90 minutes. A black material resulted which appeared to 
be a mixture of a light, fluffy powder and a coarse, dense, granular 
material. The light, fluffy powder was separated from the dense material 
by blowing with a stream of air. The x-ray powder pattern of the dense 
material was then obtained and compared to the x-ray powder patterns of 
known chromium compounds. The powder pattern of the unknown material 
gave twenty-three identifiable lines, each corresponding exactly to the 
lines of the well-characterized carbide of chromium CrsCz. This estab
lished that chromium carbide CraCa is a product of the decomposition by 
heat in vacuum of chromium(II) tricyanomethide. The exact mechanism of 
the decomposition reaction was not investigated, but for present purposes 
(to show that CraCa is a reasonable product of the decomposition of 
Cr[C(CN) 3]2)it may be represented by Reaction 2. 

3Cr[C{CN)3]2 hiSF-* CrgCa + 9C2N2 + 4C (2) 

The temperature of the decomposition reaction may be controlled to give 
new and otherwise difficult to prepare carbides. For example, when 
chromium(II) tricyanomethide was heated in vacuum at 600°C, a dark mate
rial was obtained which gave an x-ray powder pattern containing five 
identifiable lines which exactly matched those of the known^ chromium 
carbon nitride Cro.6 2Co.3 5No.o 3. 

As another example of this technique, a sample of ferrous tricyanomethide, 
Fe[C(CN)3]2# was prepared. When ignited in vacuum at 1200°C for 90 
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minutes, a black residue was obtained. This residue gave an x-ray pow
der pattern consisting of 10 identifiable lines. Five of these lines 
corresponded to the known pattern of the carbide FeC and five to the 
pattern of metallic iron. The presence of metallic iron may indicate 
decomposition of some of the iron carbide between the temperatures 25°C 
and 1200°C, Other iron carbides, such as cementite, Fe3C, are known to 
have temperature regions between 25°C and 1200°C where they are unstable 
with respect to decomposition to the elements. (G. L. Silver) 
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